Introduction
Indoor air quality (IAQ) is gaining attention as a major concern to building managers, tenants and workers as most people spend most of their lifetime in confined spaces such as public places and offices. IAQ is the air quality inside a building that leads to the comfort and healthy of the occupants [1] . It can be affected by gases, particulates, microbial contaminants or any mass or energy stressor that can induce adverse health conditions. Bad IAQ can lead to sick building syndrome (SBS), a condition which people feel uneasy such as headache, sleepiness or inability to concentrate by spending time in certain buildings. SBS is caused by the presence of high concentrations of indoor air pollutants, especially those biological agents [2] . The indoor microbial pollutants include fungal and bacterial contaminants and their derivatives, viruses and pollens. These bioaerosols can be pathogenic or cause adverse health effects such as allergic reaction following inhalation, especially in people with asthma. They are originated from outdoor air, handling of organic materials and other human activities such as walking, talking, sneezing and toilet flushing [3] . Besides, the building materials and ventilation system can be the sources of indoor airborne microbes [4] . Thermal comfort is an important physical component of IAQ as factors like relative humidity and temperature affects indoor airborne microbial growth [5] .
Previous researches have shown that there were significant amounts of airborne microorganisms present in a clean room [6] . Therefore, it is reasonable for the existence of airborne microorganism in new commissioning buildings. There are also evidences from studies indicating that a significant background level of airborne microbe exist in a new constructed office building [7] . These bioaerosol should be controlled within a safety level. Hence, there is a need to assess the IAQ of buildings periodically even in new buildings to ensure their IAQ are always within the allowable limit set by local or international authorities. In Malaysia, Industry Code of Practice for Indoor Air Quality (ICOP-IAQ) 2010 of the Department of Occupational Safety and Health (DOSH) addresses the recommendation on the allowable limit for the concentration of these indoor bioaerosols [8] .
Many studies regarding to indoor microbiological air quality have been conducted [9] [10] [11] [12] [13] . However, the data of the assessment of indoor microbial contamination in Malaysia or other Southeast Asian countries which share common hot and humid climate was very limited [14] [15] [16] [17] [18] [19] . There was only a study on mold growth in a university's clinic in Malaysia [16] but not in its educational buildings. From the educational point of view, the IAQ in educational buildings may affect educators' and students' well-being and their teaching and learning performances [20] . Hence, it is essential to evaluate the air quality in university's buildings in order to reveal its situation of accumulation and diffusion of bioaerosol contamination. Thus, this research aimed to evaluate the microbiological air quality in two new commissioning higher educational buildings of a university in Johor, Malaysia and to compare the measured concentrations with established standards.
Johor is the southernmost region of Peninsular Malaysia. This region is characterized with high air temperature, high relative humidity and seasonal pattern of wind and rainfall [21] . These climatic characteristic are favourable for microorganism growth and affect IAQ. The limited IAQ studies done in this region mainly cover the physical parameters of IAQ such as temperature, relative humidity, air movement, and CO 2 but microbiological data is very limited [21] [22] . Moreover, these previous studies were neither conducted in new commissioning building nor higher educational buildings. Thus, this study is able to provide missing information about indoor air healthiness of new commissioning higher educational buildings in Johor, Malaysia from a viewpoint of microbiological and thermal comfort.
Materials and Methods
The two new higher educational buildings (refer as B1 and B2) with water-damaged characteristic were recruited. Complaints were logged for indoor presence of visible microbial stains and odour. Specific sampling sites were identified by walk through inspection. The selected area was taken at one each to represent a complained area, a non-complained area and outdoors.
Concentrations of total airborne microbes were determined using a BioStage single-stage impactor (SKC, USA). It was operated at a flow rate of 28.3 L/min as per requirement of National Institute of Occupational Safety and Health (NIOSH) stated in method NIOSH Manual Analytical Method (NMAM 0800). The impactor was mounted at the centre of the sampling sites at a height of 1.0 to 1.5 meter above the floor. Every sample was obtained over 5 minute periods. The Trypcase Soy Agar (TSA) was used to sample total airborne bacteria while the Malt Extract Agar (MEA) for total airborne fungi. Each sample was plated in triplicate. The sampling at different sites was performed on different day for a total of 42 days; during office hours and in the presence of lecturers and students. After the impaction, the petri dishes were sealed, placed into a disinfected cool box to inhibit microbe growth and brought into the laboratory. The total airborne bacteria samples were incubated at 37 o C for 2 days and counting of colonies formed was done thereafter. While, the total fungi sample was analyzed by incubating them at 37°C for 5 days. The enumeration of the sample is represented by colony forming unit (CFU) analysis as the calculation below:
The data of air temperature, relative humidity and air velocity is recorded with Lutron LM-8000 (Lutron, Taiwan) in accordance to each collection of subject samples. All the data is collected by operating the instrument at the shoulder level of seated person according to ICOP-IAQ 2010 [8] .
Results and Discussion
The experiments were an investigation into numbers of total fungi and total bacteria present in the air. Through preliminary walk through investigation to these buildings, surface stains and visible microbial growth were observed on the painted brick wall surface, ceiling boards and some furniture. Researches stated that presence of mouldy partition or decomposed wall always becomes the first choice indicator of indoor bioaerosol exposure [23] . B1 is for higher education of computer studies while B2 is for civil engineering studies. Three sampling sites were selected at each building. For B1, they were the complained prayer room (C1), non-complained Lecturer Rooms' Lobby (NC1) and outdoors (O1). Meanwhile, for B2, the sampling sites are complained Lecturer Room 146 (C2), non-complained Chemical Engineering laboratory (NC2) and outdoors (O2). Table 1 shows the result of physical IAQ assessment at B1 and B2. There was zero air velocity observed in both buildings but some air movement was observed at outdoors. The relative humidity and air velocity of the affected C1 and C2 fell out of the recommended guidelines suggested by ICOP-IAQ 2010. This is dangerous and may bring unintended contaminations that will cause bad air quality in the buildings as the excess water is known to be the most significant individual factor associated with the elevated viable fungal counts indoor [24] . In B1, the mean concentration of the total airborne bacteria in the complained C1 is 813 CFU/m 3 ( Figure 1 ). This is far higher than that of the allowable limit stated in ICOP-IAQ 2010(500CFU/m 3 ) and that of the building's outdoor environment (134 CFU/m 3 ). The mean concentration of the total bacteria at the non-complained area, NC1 is also approaching the limit. Meanwhile, the mean concentration of the total airborne fungi in the affected C1 is 509 CFU/m 3 . Although it is within the allowable limit (1000 CFU/m 3 ), it is still higher than that of outdoor environment of the building (360 CFU/m 3 ). Besides, the samples were taken after some physical mold remediation of the affected room including changing of the ceiling board and cleaning of the wall using detergent. However, 509 CFU/m 3 is actually not a low count after such remediation. High relative humidity in C1 (87%), which violates the limit of ICOP-IAQ justifies high reading of colony forming units of both total airborne bacterial and total airborne fungal counts obtained in that room.
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For B2, the relative humidity of the affected C2 recorded a high reading of 90% as compared to 74% in the unaffected NC2. This can explain the mold devastation in the affected room as fungal growth requires high moisture contents. This is consistent with our results as the total airborne fungal count in the affected C2 is 805.7 CFU/m 3 . This is approaching the acceptable limit of 1000 CFU/m 3 set by ICOP-IAQ 2010. Nevertheless, the reading is still higher than that of outdoors, which is 523 CFU/m 3 . The mold infestation on the wall and furnishing in this room is easily seen through visual inspection. Meanwhile, the total airborne bacterial count in C2 is 1102.5 CFU/m 3 . This has far exceeded the limit set by ICOP-IAQ 2010, which is 500 CFU/m 3 only. The mean concentrations of indoor microbes at all complained sites are higher than that of their respective building's outdoors. It is suggested that the microorganism was brought from outdoors and contained indoors due to zero air movement observed in those complained areas. In addition, the systems of air-conditioning in both buildings are centralized, thus it is assumed that the airborne spores will be spread and may cause microbial contamination at other sites. This can explain the high concentrations of total bacteria in the air of non-complained area of B1. Both buildings were equipped with all types of facilities to ease students' studies. There are high access of students, lecturers and visitors to these buildings and sampling sites. Thus, it can be assumed that all types of human activities happened here had contributed to the poor IAQ. For example, the complained C1 is a room for prayer purposes and is equipped with washing taps. The washing activity in the room might be the main reason of high moisture content. Undeniably, Malaysia's hot and humid climate also contributes to high relative humidity in these buildings.
Conclusion
This study shows that some parts of the two new commissioning higher educational buildings in Johor, Malaysia have been contaminated by indoor airborne microbes. The thermal comfort parameters measured in these buildings did not comply with the recommended values. Although the higher educational buildings in this region is newly commissioning, poor indoor microbial air quality and thermal comfort were observed. This study provides insight that new higher educational buildings in this region should be assessed and maintained for the best comfort of the indoor occupants. It is recommended that the remediation steps with low cost, eco-friendly and sustainable solution should be taken as the yearlong humid climate in this region will make the normal cleaning procedure ineffective and costly.
